Background: Africa is facing a nutritional transition where underweight and overweight coexist. Although the majority of programs for orphan and vulnerable children (OVC) focus on undernourishment, the association between OVC primary caregiving and the caregivers' overweight status remains unclear. We investigated the association between OVC primary caregiving status with women's overweight status in Namibia, Swaziland and Zambia. Methods: Demographic Health Survey (DHS) cross-sectional data collected during 2006-2007 were analyzed using weighted marginal means and logistic regressions. We analyzed data from 20-49 year old women in Namibia (N 6638), Swaziland (N 2875), and Zambia (N 4497.) Results: The overweight prevalence of the primary caregivers of OVC ranged from 27.0 % (Namibia) to 61.3 % (Swaziland). In Namibia, OVC primary caregivers were just as likely or even less likely to be overweight than other primary caregivers. In Swaziland and Zambia, OVC primary caregivers were just as likely or more likely to be overweight than other primary caregivers. In Swaziland and Zambia, OVC primary caregivers were more likely to be overweight than non-primary caregivers living with OVC (Swaziland AOR = 1.56, Zambia AOR = 2.62) and non-primary caregivers not living with OVC (Swaziland AOR = 1.92, Zambia AOR = 1.94). Namibian OVC caregivers were less likely to be overweight than non-caregivers not living with an OVC only in certain age groups (21-29 and 41-49 years old). Conclusions: African public health systems/OVC programs may face an overweight epidemic alongside existing HIV/AIDS, tuberculosis and malaria epidemics. Future studies/interventions to curb overweight should consider OVC caregiving status and address country-level differences.
Background
Primary caregivers worldwide are facing the dilemma of maintaining their own health while addressing the physical and emotional needs of family members [1] . Primary caregiving of children is particularly challenging in Africa, where the Acquired Immune Deficiency Syndrome and the Human Immunodeficiency Virus (HIV/AIDS) pandemic has increased the number of orphan and vulnerable children (OVC) in need of care. More than four-fifths of all OVCs (nearly 12 million) live in Africa. The prevalence of OVC varies widely across countries and across different population sub-groups-with countries and sub-regions with a higher prevalence of HIV having a higher prevalence of OVC as well [2] .
Rates of overweight and obesity are high and rising in Africa, particularly among women, and are a cause for concern [3] . Equally relevant is that over-and under-nutrition often co-exists in the same household, particularly with adults being overweight and children underweight. Due to frequent population flows between urban and rural areas, lifestyle habits may be changing with uptake of unhealthier diets and sedentary lifestyles that contribute to obesity occurring even in rural sub-Saharan African settings [3] . It has been suggested that the presence of under-nutrition and overweight and obesity among adolescent girls is due to changes in traditional diets, dependence on processed foods and insufficient local food production [4] . Overweight is traditionally desirable among African women, and thought to reflect success and not having HIV/AIDS. This study focuses on overweight problems in three southern sub-Saharan African countries because the BMI of women between the ages of 15-49 years is much higher in southern Africa than in other African regions [5] . The impact of caring for OVC on the primary caregivers' nutrition among 20-49 year old women in Africa remains inadequately understood due to the limited research conducted to date, which has had small sample sizes, lacked appropriate comparison groups, and was predominantly qualitative [6] . In addition, the majority of studies on caregiving and nutritional outcomes focused on adults 60 years and older caring for children and grandchildren [7] [8] [9] . The limited number of studies on the impact of caring for OVC on primary caregivers' BMI in Africa may be due to limited access to relevant national data and researchers in the area [10, 11] . Furthermore, research addressing women's nutrition in Africa has focused primarily on rural areas or specific regions of a country [9, 10] . Focusing on the overweight status of OVC primary caregivers in Africa is important because child caregiving could serve as an additional stressor and lead to psychological distress that may increase cortisol and catecholamine, lead to unhealthy behaviors (e.g., eating poorly), and result in increased BMI [12] . Women caring for OVC are experiencing more severe economic and social problems (e.g., discrimination, stigma due to HIV/AIDS and lower income) than other women from their own towns [13, 14] .
To the best of our knowledge, no previously published studies have investigated the association between overweight status and reproductive age OVC primary caregivers in sub-Saharan Africa. In order to address this research gap, this cross-sectional study investigates the association between caring for OVC with women's overweight status in Namibia, Swaziland and Zambia. Four mutually exclusive child caregiving groups were included. Two groups included primary caregivers of a child: a) primary caregivers of OVC and b) primary caregivers of only non-OVC. Two additional child caregiving groups included women who were non-primary caregivers of a child: c) non-primary caregivers of a child who were living with an OVC and d) non-primary caregivers of a child who were not living with an OVC. The following research objectives guided this study. First, determine whether the prevalence of overweight is higher than the prevalence of underweight among OVC primary caregivers. Second, determine whether the OVC primary caregivers' mean body mass index (BMI) were different than the mean BMI of women from the other three child caregiving groups within countries. Third, determine whether the OVC primary caregivers' mean BMI varied significantly by country. Fourth, identify significant associations between caring for OVC and women's overweight status in each country. Fifth, identify whether socio-demographic and household characteristics (e.g., age, work status, number of household members, household wealth) modified the effect of the association between OVC primary caregiving status and women's overweight status in each country.
Methods
This cross-sectional study was based on secondary analyses of the most current available data from the Demographic Health Survey (DHS) from Namibia (2006-2007), Swaziland (2006) (2007) , and Zambia (2007) . In order to have a representative sample of the population, DHS surveys involved two stages of sampling. The first stage was based on an up-to-date sampling frame, i.e., a list of small administrative units with defined boundaries and known population size, usually census enumeration areas (EAs). Around 300-500 of these EAs were selected from the sampling frame list with probability proportional to population size [15] . After the EAs (i.e., clusters) were selected, a household listing operation was implemented. This involved sending a small team of field workers (usually 2 people) to each selected EA to locate the boundaries, draw a sketch map, and prepare a list with the name of the head and the address or location of each household. In the selected households, all women of reproductive age were eligible for an individual interview [15] . The training consisted of classroom lectures, mock interviews, and practical interviews in the field. Based on the performance during training, participants were recruited to work as supervisors, field editors, enumerators, and data entry personnel [15] .
DHS survey teams were assigned sample areas taking into account languages spoken and other requirements and the need to ensure that the travel times per team were minimized as much as possible [15] . If an interview was not completed on the first visit, further attempts were made with the sampled household or respondent (up to three times and over three different days) before classifying the case as non-response. The subsequent contacts were scheduled at times when the respondent was more likely to be at home. There was no replacement for a household or an individual that refused to be interviewed or was otherwise classified as non-response. Eligible women response rates in every country and region included in this study reached at least 94 %. The Macro Institutional Review Board approved every DHS survey. Participants provided consent for participation.
For the purposes of this paper, the country inclusion criteria were: located in Southern Africa (the region most heavily affected by the HIV epidemic and with the highest prevalence of overweight and number of wealthiest countries on the continent), HIV prevalence of at least 5 % or orphan prevalence of at least 8 % among 0-17 year old children (i.e., one or both biological parents have died), had less than 20 % missing BMI data, belong to the Southern African Development Community, had economies linked to South Africa, and had available DHS data for primary caregiving status and women's anthropometry.
Participants' inclusion and exclusion criteria
Inclusion criteria: women were included if they slept in the household the night before the survey (de facto household residence) and if they were 20-49 years old since many 15-19 year old women would still be in the adolescent growth spurt period and some of them still in puberty. Exclusion criteria: women were excluded from the analyses if they were pregnant and three months or less postpartum women to avoid the impact of the fetus and lactation on the BMI [16] , and/or if their BMI was less than 12.0 or BMI greater than 60.0 because these might be cases of extreme anthropometric measures or resulting from data errors [17] .
Measures

Dependent variable
The dependent variable was women's BMI also known as the Quetlet index. BMI was defined as weight in kilograms divided by height squared in meters (kg/m 2 ). BMI was analyzed as a continuous variable (research questions 1 and 2) and as a categorical variable (research questions 3 and 4) using two categories: normal weight (18.5 ≤ BMI < 25.0) and overweight (BMI ≥ 25.0). BMI has been widely used as an anthropometric indicator of health, especially for nutrition-related disease among adult women from Sub-Saharan countries and other regions [16] . Weight was measured using a solar-powered scale (Uniscale) with an accuracy of ± 100 g [16] . Height was measured to the nearest 0.1 cm with an adjustable wooden measuring board (Shorr Height boards).
Independent variable
Primary caregivers of a child were women who lived with a biological child under the age of 18 and/or who were primary caregivers of a non-biological child under the age of 18 [assessed using the question "(Besides your own child/children), are you the primary caregiver for any children under the age of 18?"
The OVC primary caregiving status of a woman was based on the question: "How many orphans and vulnerable children live in your household?" This study used the DHS definition for OVC: children with one or both parents deceased (orphans); and vulnerable children who a) had a chronically ill parent (sick for more than 3 consecutive months during the past 12 months) or b) lived with an adult who was chronically ill or died during the past 12 months. There were four mutually exclusive caregiving categories. Primary caregivers of an OVC provided care to one or more OVC (biological or non-biological) and included women who were primary caregivers of both OVC and non-OVC children. Primary caregivers of a non-OVC provided care to only non-OVC children (biological or non-biological). Nonprimary caregivers living with an OVC lived with one or more OVC. Non-primary caregivers not living with an OVC did not live with an OVC.
Potential confounders or effect modifiers
The following socio-demographic and household characteristic variables were considered as potential confounders or effect modifiers: presence of a child 5 years old or younger living in the house (yes, no), women's marital status (married or living together, divorced, widowed, never married, and not living together); women's age (20-29, 30-39 and 40-49 years old); women's education (no schooling, primary school, secondary education, and higher education); region of residence (rural, urban); number of children ever born (0, 1, 2, and ≥3 births); women's relationship with the household head (head, wife, daughter, other); sex of the household head (male, female); number of household members (less than 3, 4 to 6, ≥7); number of 18-49 year old women in the household (1, 2, 3, ≥4); number of 18-49 year old men in the household (0, 1, ≥2); and, women's work status (not working, working in agriculture, and working in any field other than agriculture). We also measured household wealth using the Absolute Wealth Index (AWI), a continuous measurement ranging from 0 (no modern goods) to 12+ (all modern comforts, for example flushing toilet, electricity, means of transportation, telephone, etc.) For the purpose of this study, we used a categorical AWI: poorest (0-1, reference group), poorer (2-3), medium (4-5), wealthier (6-7), and wealthiest (8+) [17, 18] .
Analysis
Statistical analyses included data screening to check for outliers and errors as well as descriptive statistics for continuous and discrete variables. Unadjusted and adjusted logistic regression models were used to determine potential confounders. A variable was included as a confounder if the adjusted odds ratio (OR) varied by more than 10 % than the unadjusted OR. Collinearity between each pair of independent variables was tested by using Phi coefficients when both variables were dichotomous and Cramer's V for variables with three or more levels (a value ≥ .60 showed substantial collinearity and one variable was removed from the analysis). Multicollinearity among the independent variable and all potential confounders entered in the model was tested using the tolerance value and the variance inflation factor (VIF). A tolerance value less than 0.1 was considered as an indication for a serious collinearity problem and a VIF greater than 10 was also considered as a cause for concern and one variable was removed from the analysis [19] .
The estimation of marginal means used analytic weights included in the data set to correct for over-sampling and variations in survey response rates by region. Three logistic regression models were performed for each country. In order to report the likelihood for OVC primary caregivers to be overweight as compared to women from the other three caregiving groups, each model included a different OVC primary caregiving reference group. The odds ratio between the OVC primary caregiving category and each of the other three caregiving group categories were presented separately. These logistic regression analyses controlled for potential confounders and interactions, and did not include sampling weights as recommended in the guide for DHS statistics by Rutstein and Rojas (2006) . To assess the presence of an effect modifier, one interaction term between the variable OVC primary caregiving status and each potential effect modifier was included in each logistic regression model. If this interaction term was significant, further stratified analyses were performed. Significant associations were assessed using 95 % confidence intervals and p-values (α ≤ 0.05). Analyses were performed using SPSS® 19.
Results
Missing data
Missing data were addressed using the listwise deletion approach, also known as complete case analysis. This technique omitted those cases with missing data. Although listwise deletion could result in a substantial decrease in the sample size available for analysis, it does have important advantages. In particular, under the assumption that data are missing completely at random, it leads to unbiased parameter estimates. The assumption of missing completely at random was checked using the SPSS missing value analyses procedures including: univariate statistics (number of non-missing values, mean, standard deviation, number of missing values, and number of extreme values); t-tests with groups formed by indicator variables; cross tabulation of categorical and indicator variables; pattern analyses including tabulated cases grouped by missing value patterns; and the Little's MCAR test with EM results. Missing data for BMI was: Namibia 2.9 %, Swaziland 2.9 % and Zambia 1.2 %. Missing data for the presence of OVC at home was: Namibia 0.0 %, Swaziland 12.5 % and Zambia 0.0 %. These procedures were performed with variables that had more than 10 % of missing information (only for the presence of an OVC in the household in Swaziland).
Our analyses showed that if a respondent was from a rural area in Swaziland, a measure regarding the presence of an OVC in the household was more likely to be missing (Table 1) . For example, 16.3 % of missing data for rural areas and 5.2 % for urban areas were found for the variable "presence of an OVC in the household". There did not seem to be other missing data discrepancies for other socio-demographic characteristics. Also, it appeared that the mean Absolute Wealth Index and the mean BMI were similar between the whole dataset (including missing and not missing cases) and the dataset only including missing cases for the presence of an OVC in the household. In order to confirm the data were missing at random, Little's MCAR tests was performed. Because the p-value was above 0.05, it was concluded that the assumption was not violated and it was appropriate to listwise delete cases with missing data for the presence of an OVC in the household in Swaziland.
Sample characteristics
Analyses were performed using data from 20-49 year old women in Namibia (n = 6638), Swaziland (n = 2875), and Zambia (n = 4497). The percentages of OVC primary caregiving were similar among countries and ranged from 26.6 % in Namibia to 28.6 % in Zambia. A higher proportion of women had secondary education in Namibia and Swaziland than in Zambia. The majority of women in Swaziland lived in rural areas; and, around half of Namibian and Zambian women resided in rural areas. While the majority of Namibian and Zambian women had normal weight; the majority of women in Swaziland were overweight (Table 2) . In all countries, more than half of women were living with a child less than 6 years old.
Overweight and underweight prevalence
Among OVC primary caregivers, the prevalence of overweight (Namibia: 33.4 %, Swaziland: 61.3 % and Zambia: 26.9 %) was higher than the prevalence of underweight (Namibia: 13.0 %, Swaziland: 1.7 % and Zambia: 7.4 %).
In Namibia, the percentage of women who were overweight was higher for OVC primary caregivers (33. When we compared OVC primary caregivers to the other three caregiving groups by country, we found that OVC primary caregivers had lower mean BMI than non-OVC primary caregivers in Namibia, and the inverse situation was found in Zambia (Fig. 1) . OVC primary caregivers had higher mean BMI than non-primary caregivers living with an OVC and nonprimary caregivers not living with an OVC in Swaziland and Zambia.
Mean BMI differences by country within OVC primary caregiver status
Among OVC primary caregivers, women from Swaziland had higher mean BMI than women from Namibia and Zambia. The mean BMI and its 95 % confidence interval for OVC primary caregivers from Swaziland were in the overweight range. The mean BMI and its 95 % confidence interval for Namibian and Zambian OVC primary caregivers were in the normal weight range.
Logistic regression models
In Namibia, OVC primary caregivers were just as likely or even less likely to be overweight than other primary caregivers. In Swaziland and Zambia, OVC primary caregivers were just as likely or more likely to be overweight than other primary caregivers. In Swaziland, OVC primary caregivers were more likely to be overweight than non-primary caregivers living with an OVC (AOR 1.56; 95 % CI 1.04, 2.34) and non-primary caregivers not living with an OVC (AOR 1.92; 95 % CI 1.46, 2.54). In Zambia, OVC primary caregivers were more likely to be overweight than non-primary caregivers living with an OVC (AOR 2.62; 95 % CI 1.80, 3.79; p < 0.0) and non-primary caregivers not living with an OVC (AOR 1.94; 95 % CI 1.44, 2.60), (Table 3) . (1.1 %) (1.9 %) (1.6 %) (1.6 %) (1.6 %) (86.0 %) (80.4 %) (75.4 %) (81.6 %) (81.9 %) (1.8 %) (1.8 %) (1.6 %) (1.8 %) (1.8 %)
Effect modification assessment
In Namibia, women's age modified the effect of the association between OVC primary caregiving with overweight status. Namibian OVC primary caregivers were less likely to be overweight than non-primary caregivers not living with an OVC only among women ages 21-29 years old (AOR = 0.41; 95 % CI = 0.18-0.94) and 41-49 years old (AOR = 0.36; 95 % CI = 0.15-0.84). We did not find any other interaction effects in Namibia nor in the other two countries.
Discussion
Findings from this study suggest that in Namibia, OVC primary caregivers were as likely, or even less likely to be overweight than women from the other primary caregiving categories. In Swaziland and Zambia, OVC primary caregivers were as likely, or even more likely to be overweight than women from the other primary caregiving categories. In other words, in these three countries OVC primary caregivers appear to have the same risks of overweight as non-OVC primary caregivers. However, OVC primary caregivers were less likely in Namibia and more in Swaziland and Zambia to be overweight than women who were not primary caregivers.
Our findings also align with the proposed African nutritional paradox that includes an increase in overweight prevalence coupled with a relatively steady underweight prevalence resulting in some households where underweight and overweight coexist [19, 20] . In this context, our descriptive analyses showed that among OVC primary caregivers, the prevalence of overweight (Namibia: 33.2 %, Swaziland: 61.3 % and Zambia: 26.9 %) was higher than the prevalence of underweight (Namibia: 13.1 %, Swaziland: 1.7 % and Zambia: 7.2 %) in these countries. Given the chronic nature of most diseases associated with overweight and the huge cost of treatment, our findings suggest that some African public health systems as well as the U.S. President's Emergency Plan for AIDS Relief (PEPFAR) and other programs targeting OVC families should be prepared to face a new overweight epidemic alongside existing ones such as HIV/AIDS, tuberculosis, and malaria [5] . We have concluded that there is a need for revisiting current OVC strategies, their effects on OVC and OVC caregivers, and investments in Africa.
Our findings indicate that there is a lack of patterns or trends in weight status and caregiving of OVC. Strategies and investments for OVC should be tailored according to the reality of each country. Findings from logistic regression analyses also suggest that the specific characteristics of OVC primary caregivers' nutritional status vary by country. Logistic regression analyses showed that OVC primary caregiving was associated with women's overweight status. However, the direction of the odds ratios suggested that the role of OVC primary caregiving was a protective factor for overweight in Namibia (only among women ages 21-29 and 41-49 years old) and a risk factor for overweight in Swaziland and Zambia when compared to women from the other caregiving groups. In these three countries, sociodemographic characteristics (e.g., women's age and education) as well as household characteristics (e.g., number of children 5 years of age or younger in the household and the Absolute Wealth Index) were potential confounders. While the mechanisms underlying OVC primary caregiving and overweight status remain unclear, further studies should analyze possible determinants that could explain differences on the direction of the odds ratios. For example, OVC primary caregivers' household composition could influence the direction of the odds ratios. In comparison to Swaziland and Zambia, a higher percentage of OVC primary caregivers in Namibia were never married (Namibia: 41.2 %, Swaziland: 28.6 % and Zambia: 6.5 %), and/or were living without a male household member (Namibia: 70.5 %, Swaziland: 33.5 % and Zambia: 23.4 %). A study among adult females aged 18 years or more in Khayelitsha, the largest black township in Cape Town South Africa, found that being married was associated with a high BMI [21] . Researchers have also posited that the association between OVC primary caregiving and the mental health of elder caregivers may be a result of psychological distress [12] . Physiologically, chronic stress could increase cortisol and catecholamine and/or lead to unhealthy behaviors (e.g., eating poorly) that could increase caregivers' BMI [12] .
Marital status could also have influenced the direction of the odds ratio. Among OVC primary caregivers, a higher percentage of women were never married in Namibia (41.1 %) than in Swaziland (28.2 %) and Zambia (6.5 %). Namibian single women may have become OVC primary caregivers because a close family member died from AIDS. As such, Namibian OVC primary caregiver may have less social and economic support than their counterparts from Swaziland and Zambia making OVC primary caregiving status a protective factor for overweight in Namibia and a risk factor in the other two countries. In Namibia, OVC primary caregivers were less likely to be overweight than non-OVC primary caregivers and non-primary caregivers not living with an OVC. Our descriptive statistics shows that in Namibia, a higher percentage of OVC primary caregivers were not working (42.8 %) as compared to non-OVC primary caregivers (37.4 %) and non-primary caregivers not living with an OVC (37.7 %). Further studies should explore role of HIV/AIDS, health status and ability to work on the significance of the association between OVC primary caregiving and women's overweight status. In Swaziland, non-primary caregivers were more likely to be overweight than OVC primary caregivers regardless if they were or were not living with an OVC. This association was not found with non-OVC primary caregivers. Interestingly, a higher percentage of women who were non-OVC primary caregivers (62.8 %) lived with a child less than 6 years of age as compared to non-primary caregivers living with an OVC (39.3 %) and non-primary caregivers not living with an OVC (32.6 %). Further studies should investigate if the physical and emotional work associated with being a primary caregiver for a child less than 6 years of age could have an effect on a lower probability of being overweight.
Additional studies should also explore determinants that decrease the odds for being overweight among 20-29 and 40-49 year old Namibian OVC primary caregivers as compared to non-primary caregivers not living with an OVC. Previous studies have shown differences in the magnitude of chronic energy deficiency among women at different ages revealing how BMI varies during the reproductive years [12] . A study by McGuire et al., [22] suggested that the stresses women experience during pregnancy and lactation periods could lead to considerable reduction of nutrient levels. These could be possible explanations why among 20-29 year old women, OVC primary caregivers were less likely to be overweight than non-caregivers not living with an OVC.
Strengths and limitations
This study is unique because it included a large sample size to examine the association between reproductive age OVC primary caregiving and the primary caregivers' BMI in communities located in Sub-Saharan Africa. Strengths of this study include the diversity and representativeness of the population of reproductive age women in three SubSaharan countries with different overweight prevalence. DHS surveys contain core questions that are identical across countries, and height and weight were measured rather than relying on self-reported information.
This study presents some important limitations which should be acknowledged. Women's health status (including mental health) and dietary food intake were not available in DHS datasets. Only one nutritional measurement (BMI) was available. The cross-sectional nature of the study did not allow: 1) determining whether overweight preceded OVC's primary caregiving or vice versa; 2) assessing whether the child might have moved to live in a wealthier household to receive care; and, 3) assessing the length of time the person was providing primary caregiving.
This study also did not measure the intensity of primary caregiving by the type or quantity of assistance provided. Self-report primary caregiver status could have been improved by providing the respondent with a more detailed description of a primary caregiver (e.g., person who is "primarily responsible for the health, safety and comfort of that child") [23] . DHS does not collect information regarding the physical activity of the OVC primary caregiver and this study did not address their HIV status. For instance, it would be helpful to know what the mean of transportation, and distance involved, when obtaining ART or accompanying children to school. Due to different contextual factors, this study should be replicated in other African countries to further assess generalizability. It is also important to consider that missing sample analyses showed that if a respondent was from a rural area in Swaziland, a measure regarding the presence of an OVC in the household was more likely to be missing than if a respondent was from an urban area.
The World Health Organization (WHO) suggests that African countries should not just focus on addressing infectious diseases affecting their communities but should also deal with the emergence of chronic diseases [24] . Our study found that while the prevalence of overweight is on the increase in southern Africa [4] , in some countries such as Swaziland and Zambia, OVC primary caregivers were more likely to be overweight as compared to non-child primary caregivers. Our results also suggest that the specific nutritional conditions of OVC primary caregivers during this time of nutritional transition in Africa differ by country. As such, it may be a better alternative to study OVC primary caregivers' nutritional status by country instead of using pooled data from several African countries.
Conclusion
Although programs for OVC families generally focus on undernourishment, we found that overweight also exists among OVC primary caregivers. Currently, OVC data are only available in 15 of the 44 sub-Saharan African countries where DHS is implemented. Our findings imply the need for additional nutritional studies focusing on OVC primary caregivers in other African countries to understand the nature of overweight problems among OVC primary caregivers in the entire African continent. Further studies should perform the same analysis using different definitions of child vulnerability as well as differentiate women who cared for both OVC and non-OVC. In addition, studies are needed to explore the reasons why age modified the effect of the association between OVC primary caregiving and women's overweight status only in Namibia. In order to assess the validity of our findings, future research with additional nutritional measurements should be performed.
